Programmed cell death (PCD) and its main phenotype, apoptosis, is a cellular suicide program essential for development and adult tissue homeostasis in all metazoan animals. Changes (inhibition or exacerbation) in PCD are involved in several pathogenic mechanisms including neurodegenerative diseases, cancers and AIDS. The stereotypical death throes of a cell undergoing apoptosis include DNA fragmentation, nuclear condensation, cell shrinkage, blebbing and phosphatidylserine (PS) externalization. These features are orchestrated by the activity of a family of cysteine proteases called caspases. 1 A mitochondria-dependent step, involving mitochondrial outer membrane permeabilization (MOMP), is associated with most proapoptotic stimuli. This process is controlled by both pro-and anti-apoptotic members of the Bcl-2 family and leads to the cytosolic release of mitochondrial apoptogenic factors such as cytochrome c, second mitochondria-derived activator of caspase (Smac)/direct IAP-binding protein with low pI (DIABLO) and Omi/HtrA2. 2 The mechanisms by which the proapoptotic Bcl-2 family members induce the release of mitochondrial proteins remain controversial. 3 One model emphasizes rupture of the mitochondrial outer membrane as a consequence of mitochondrial swelling after the opening of the permeability transition pore. According to another model, proapoptotic Bcl-2 proteins like Bax/Bak induce a selective process of MOMP through the formation of channels or pores, allowing the release of proteins localized within the innermembrane space such as cytochrome c. Finally, it has also been proposed that mitochondrial fragmentation is an additional, alternative or complementary mechanism in MOMP, 4, 5 because mitochondria undergo rapid and massive fragmentation early in the apoptotic process. 4, 6, 7 Mitochondria are dynamic organelles that continuously move, fuse and divide. Mammalian cells maintain mitochondrial shape by balancing the opposing processes of mitochondrial fusion and fission. The protein machinery that regulates mitochondrial fission and fusion has been well characterized and reviewed in detail. 8 In mammalian cells, at least two proteins, dynamin-related protein 1 (Drp1) and hFis1, are required for mitochondrial fission. 9, 10 Drp1 is a large GTPase that translocates to puncta on mitochondria, where it couples GTP hydrolysis with mitochondrial membrane constriction and fission. 10, 11 How Drp1 is recruited to mitochondria to trigger fission is still unknown. However, one possibility is hFis1, a protein with a transmembrane domain that is anchored to the mitochondrial outer membrane via its Cterminal region. 9 On the fusion side, mitofusins 1 and 2 (Mfn1 and 2) and OPA1 seem to be essential for the fusion of mitochondria. 12, 13 These proteins are all large GTPases localized to mitochondria. Mfn1 and 2 reside within the outer membrane. However, OPA1 is an intermembrane space (IMS) protein with pools either soluble or closely associated with the inner membrane, 14 and at least eight splicing isoforms have been reported. 15 OPA1 is also thought to form oligomers involved in the regulation of mitochondrial cristae morphology and the complete release of cytochrome c during apoptosis. 13, 14, 16 A transition from a mitochondrial network into vesicular punctiform mitochondria occurs invariably following apoptotic signals. 4 Mitochondrial fragmentation is not inhibited by a broad caspase inhibitor but, interestingly, is inhibited by ectopic expression of a dominant-negative mutant of Drp1. More surprisingly, expression of the dominant-negative mutant of Drp1 not only inhibited mitochondrial fragmentation but also inhibited the release of cytochrome c and ensuing events such as the loss of mitochondrial membrane potential (DCm) and nuclear DNA fragmentation. 4 On the basis of these observations, it was therefore proposed that mitochondrial fragmentation (involving at least Drp1-mediated mitochondrial fission) is required for the release of cytochrome c and subsequent execution of apoptosis. 4, 5 Nevertheless, some reports suggest that mitochondrial fragmentation follows the release of cytochrome c, 14, 17, 18 and is largely unknown whether mitochondrial fragmentation is also required for the release of other mitochondrial factors. Moreover, whether mitochondrial fragmentation is indispensable for apoptosis execution is currently debated. [19] [20] [21] Here, we report that inhibition of the mitochondrial fission by downregulating the expression of Drp1 through the use of RNA interference (RNAi) selectively prevents the release of cytochrome c during apoptosis. However, we observed that inhibition of Drp1-mediated fission only delays apoptosis, but it is not sufficient to prevent it.
Results
Inhibition of Drp1-mediated mitochondrial fission partially inhibits cytochrome c release but not that of other mitochondrial factors. Following Bax/Bak-mediated MOMP during apoptosis, several mitochondrial IMS proteins are released into the cytosol. 2, 3 Among these are apoptogenic factors such as cytochrome c, Smac/DIABLO and Omi/HtrA2 that promote caspase activation and ensuing apoptosis.
2 Bax/Bak-mediated MOMP also triggers the release of deafness dystonia peptide (DDP)/TIMM8a, a protein normally involved in the transport of transmembrane carrier proteins across the aqueous IMS to the inner mitochondrial membrane (IMM), 22 into the cytoplasm where it binds to and promotes the mitochondrial localization of Drp1 to trigger fission. 23 The release of adenylate kinase 2 (AK2) has also been described following Bax/Bak-mediated MOMP. 24 As it has been reported that inhibition of Drp1-mediated fission prevents cytochrome c release during apoptosis, 4, 6, [25] [26] [27] we examined whether the release of Smac/DIABLO, Omi/HtrA2, AK2 and DDP/TIMM8a were also prevented. For this purpose, downregulation of Drp1 by shRNAs was performed as described previously. 26 Downregulation of Drp1 by RNAi was very efficient (Figure 1a) , whereas actin levels remained unchanged ( Figure 1a) . As reported previously, 26 the mitochondrial network in Drp1 RNAi-transfected cells was distinctively longer and more fused than in control RNAi-transfected cells (Figure 1b and c) . Several reports indicate that mitochondria undergo rapid and massive fragmentation early in the apoptotic process, resulting in smaller, rounder and more numerous mitochondria. 4, 6, 7 In agreement with previous studies, 4, 7, 26, 28 we observed that disintegration of the mitochondrial network during apoptosis was prevented in cells in which Drp1-mediated fission was repressed (Figure 2b , lower panel). The mitochondrial release of cytochrome c, Smac/DIABLO, Omi/HtrA2, AK2 and DDP/TIMM8a was examined by Western blotting analysis of cytosolic and heavy membrane fractions (mainly mitochondria) from control RNAi-or Drp1 RNAitransfected cells induced to undergo apoptosis by staurosporine or actinomycin D ( Figure 2a) ; both drugs require Bax and/or Bak to trigger apoptosis. 29 Mitochondrial release of cytochrome c, Smac/DIABLO, Omi/HtrA2, AK2 and DDP/ TIMM8a occurred normally in control RNAi-tranfected cells undergoing apoptosis (Figure 2a ). During apoptosis, we observed that mitochondria-associated Drp1 is cleaved by caspases (unpublished data). Therefore, less Drp1 is found in the heavy membrane fraction of control RNAitransfected cells induced to undergo apoptosis than in untreated cells (Figure 2a) . In Drp1 RNAi-transfected cells induced to undergo apoptosis, we observed that cytochrome c release was partially prevented but, interestingly, the mitochondrial efflux of Smac/DIABLO, Omi/HtrA2, AK2 and DDP/ TIMM8a was not affected because it occurred as in control RNAi-transfected cells (Figure 2a) . Similarly, when our paper was in revision, another study has reported that downregulating Drp1 partially inhibits the release of cytochrome c from the mitochondria but fails to block the efflux of Smac/ DIABLO. Immunocytochemistry experiments on untreated or actinomycin D-treated cells have also confirmed that inhibition of Drp1-mediated fission prevents cytochrome c release during apoptosis, as described previously, 4, 6, [25] [26] [27] whereas Smac/ DIABLO release is unaffected as it is found diffusely in the cytosol (Figure 2b As downregulation of Drp1 partially prevents cytochrome c release during apoptosis, we investigated whether it may also affect caspase activation, as cytochrome c is essential for caspase activation following Bax/Bak-mediated MOMP. 2, 3 In total, cell extracts from control RNAi or Drp1 RNAi-transfected cells induced to undergo apoptosis, we analyzed caspase-3 activation, the main effector caspase in apoptosis 1 and poly(ADP-ribose) polymerase (PARP) cleavage, a wellknown caspase substrate. In agreement with the finding that cytochrome c release is partially prevented in staurosporine or actinomycin D-treated cells (Figure 2a) , we observed that caspase-3 activation (assessed by the processing of its proform) and PARP cleavage were partially inhibited (Figure 2c ).
Inhibiting Drp1-mediated mitochondrial fission induces respiratory defects. To find out why inhibition of Drp1-mediated fission prevents cytochrome c release, we studied mitochondrial respiration in intact cells, because inhibition of Drp1-mediated fission modifies the mitochondrial network morphology ( Figure 1a ) 4, 7, 26 that may alter mitochondrial respiration. As cytochrome c serves as an electron shuttle in the respiratory chain, defects in respiration may explain the lack of cytochrome c release. Furthermore, knock down of proteins of the mitochondrial fusion machinery such as Mfns or OPA1 induces respiratory defects. 30 Hence, oxygen consumption via complex I or complex II of the respiratory chain was studied in control RNAi or Drp1 RNAi-transfected cells using specific substrates of each complex. Although oxygen consumption in complex I of control RNAi or Drp1 RNAi-transfected cells is similar ( Figure  3a and b), we observed that oxygen consumption in complex II of Drp1 RNAi-transfected cells was significantly decreased in comparison to control cells (Figure 3a and b) . It, therefore, appears that knock down of Drp1 modifies the cell respiration by affecting complex II of respiratory chain.
Cytochrome c release is selectively inhibited from mitochondria of Drp1-depleted cells. Respiration is altered in Drp1 RNAi-transfected cells (Figure 3) , and thus it may modify cellular energy homeostasis. To rule out the possibility that the prevention of cytochrome c release in Drp1-depleted cells might be due to changes in cellular homeostasis, the release of mitochondrial protein was assessed in vitro using isolated mitochondria from control or Drp1 RNAi-depleted cells. In vitro incubation of isolated mitochondria with recombinant tBid triggers a rapid and complete release of cytochrome c, Smac/DIABLO, Omi/ HtrA2, AK2 and DDP/TIMM8a in mitochondria from control cells (Figure 4 , left panel). tBid requires either Bax or Bak to induce MOMP. 29 Interestingly, we observed that cytochrome c release is inhibited when we used isolated mitochondria from cells in which expression of Drp1 has been knocked down ( Figure 4 , right panel). This lack of cytochrome c release might be due to an inhibition of Bax/Bak-mediated MOMP. Nevertheless, in agreement with our results obtained in cells, knock down of Drp1 had no detectable effects on the release of Smac/DIABLO, Omi/HtrA2, AK2 and DDP/ TIMM8a (Figure 4 , right panel), confirming that Bax/Bakmediated MOMP had occurred. Hence, it appears that the prevention of cytochrome c release from Drp1-depleted mitochondria is because of intrinsic changes in mitochondria.
Inhibiting Drp1-mediated mitochondrial fission delays but does not prevent apoptosis and cell death. The observation that knock down of Drp1 reduces cytochrome c release and caspase activation (Figure 2 ) suggests that Drp1 depletion may protect against apoptosis and cell death. To check this possibility, staurosporine and actinomycin-induced apoptosis were assessed at different time in control RNAi and Drp1 RNAi-transfected cells. Apoptosis was assessed using flow cytometry by measuring DNA degradation, mitochondrial membrane potential (DCm) loss and PS exposure -three apoptotic hallmarks. As shown in Figure 5 , inhibiting Drp1-mediated mitochondrial fission slightly delayed but did not prevent apoptosis induced either by staurosporine or actinomycin D, in agreement with a study 28 published when our paper was in revision. Moreover, cell viability was studied and similarly, knock down of Drp1 delayed but did not prevent cell death ( Figure 5 ). As a positive control, cells were pretreated with zVAD-fmk, a synthetic broad-spectrum caspase inhibitor, before staurosporine or actinomycin D treatment. In both cases, caspase inhibition inhibited significantly both apoptosis and cell death (data not shown).
Inhibiting Drp1-mediated mitochondrial fission modifies the pattern of OPA1 isoforms and prevents its release during apoptosis. It has been proposed that a mitochondrial cristae rearrangement is required to allow the complete release of cytochrome c during apoptosis because most cytochrome c (480%) is normally sequestered within mitochondrial cristae folds. 31 In agreement with this hypothesis, it was recently shown that the dynamin-like GTPase OPA1 not only participates in mitochondrial fusion machinery but also regulates inner membrane cristae reorganization to facilitate the rapid and complete cytochrome c release during apoptosis. 14, 16 In addition, the mitochondrial rhomboid protease PARL cleaves OPA1 to produce short IMS soluble isoforms involved in the regulation of cristae morphology and complete cytochrome c release. 32 The short IMS soluble isoforms of OPA1 form heterooligomers with longer isoforms of OPA1. These heterooligomers regulate the tightness of cristae junctions and are disrupted soon after MOMP, leading to the opening of cristae junctions and full cytochrome c release. 16 The overall morphology of the mitochondrial population depends on the relative activities of the fission and fusion machinery. Hence, inhibition of Drp1-mediated fission may affect effectors of fusion machinery such as OPA1. In agreement with this hypothesis, we observed that inhibition of Drp1-mediated fission modifies the pattern of OPA1 isoforms; knock down of Drp1 induces the loss of the two higher OPA1 isoforms and an increase in the shorter isoforms (Figure 6a ) that have been demonstrated to regulate the tightness of cristae junction. 16 Further studies are required to assess whether inhibition of Drp1-mediated fission promotes the processing of OPA1 by PARL as recently proposed. 32 However, other proteases may be involved because the m-AAA protease paraplegin was also reported to regulate proteolytic cleavage of OPA1. 33 We have reported a co-release of OPA1 with cytochrome c following Bax/Bak-mediated MOMP (Supplementary Figure  S1) , and we have proposed that this mitochondrial release of short, soluble OPA1 isoforms participates in cristae remodeling to allow the release of previously sequestered cytochrome c.
14 Given that knock down of Drp1 modifies the pattern of OPA1 isoforms (Figure 6a ), we consequently considered whether inhibiting Drp1-mediated fission might also inhibit the release of soluble OPA1 isoforms, preventing cristae remodeling and the complete release of cytochrome c. In control RNAi-transfected cells, OPA1 and Smac/DIABLO were both diffusely present in the cytosol when cells were treated with actinomycin D (Figure 6b, top panel) . In contrast, in actinomycin D-treated Drp1-depleted cells, Smac/DIABLO release still occurred, whereas OPA1 remained within the mitochondria (Figure 6b) . Similar results were obtained substituting staurosporine for actinomycin D (data not shown). Because in Drp1-depleted cells, an increase of the short, soluble OPA1 isoforms is observed (Figure 6a) , the heterooligomers that regulate the tightness of cristae junction are likely not disrupted after MOMP preventing, therefore, the release of soluble OPA1 isoforms but more importantly, the opening of the cristae junction and ensuing full cytochrome c release. Together, our findings suggest that inhibiting Drp1-mediated mitochondrial fission prevents cytochrome c release by increasing the short IMS soluble OPA1 isoforms that regulate cristae remodeling and ensuing complete release of cytochrome c during apoptosis.
14,16

Discussion
In this study, we show that inhibition of Drp1-mediated mitochondrial fission partially prevents cytochrome c release but has no effect on the release of Smac/DIABLO, Omi/HtrA2, AK2 and DDP/TIMM8a in cells induced to undergo apoptosis. Similarly, in vitro studies using mitochondria from Drp1-depleted cells exposed to tBid revealed that cytochrome c release is inhibited, whereas the release of Smac/DIABLO, Omi/HtrA2, AK2 and DDP/TIMM8a is unaffected. Thus, the differential release of cytochrome c and other mitochondrial IMS proteins seems to result from an intrinsic change in mitochondria from Drp1 RNAi-transfected cells. It has been proposed that mitochondrial cristae rearrangement is required to allow the complete release of cytochrome c during apoptosis 31 because most cytochrome c (480%) is normally sequestered within mitochondrial cristae folds. Although it is known that most cytochrome c is normally sequestered within mitochondrial cristae folds, the intracompartment localization of the IMS proteins Smac/DIABLO, Omi/HtrA2, AK2 and DDP/TIMM8a is not known. Are they also localized in both the IMS proper as well as within the sequestered cristae folds-like cytochrome c, or just within the unsequestered IMS? This is an area under current investigation in our laboratory, but it has been reported that Smac/ DIABLO, Omi/HtrA2 are both soluble within the IMS. 34 The Figure 5 Downregulation of Drp1 delays but does not inhibit apoptosis and cell death. Control RNAi or Drp1 RNAi-transfected HeLa cells were treated for 6, 9, 18, 24, 30 and 36 h with 1 mM staurosporine or 10 mM actinomycin D. DNA degradation, DCm loss and PS exposure, three apoptotic hallmarks, were then assessed by flow cytometry. Cell viability (plasma membrane integrity) was also studied by flow cytometry. The data are expressed as means7S.D. of three independent experiments, ns: not significant observation that the release of Smac/DIABLO, Omi/HtrA2, AK2 and DDP/TIMM8a is not prevented when Drp1 is knocked down suggests that those factors, unlike cytochrome c, are not 'trapped' within the cristae folds, and therefore their release does not require cristae rearrangement. 31 OPA1, a protein of the fusion machinery, has been recently shown to also regulate mitochondrial cristae morphology and the complete cytochrome c release during apoptosis. 14, 16 Following Bax/Bak-MOMP, short soluble isoforms of OPA1 that specifically regulate the tightness of cristae junction are coreleased with IMS cytochrome c, leading to cristae opening and release of remaining cytochrome c stored within the cristae folds. 14, 16 In this study, we observed that knock down of Drp1 not only prevents cytochrome c release but also the release of OPA1 soluble isoforms, probably as a consequence of modifications in the pattern of OPA1 isoforms. Therefore, inhibiting Drp1-mediated fission seems to prevent cytochrome c release by preventing the OPA1-regulated cristae remodeling required for the complete cytochrome c release. Nevertheless, inhibition of cytochrome c release in Drp1-depleted cells appears to be 'collateral damage' resulting from the long and fused mitochondrial network that affects effectors of the fusion machinery such as OPA1 also involved in maintaining cristae morphology. Finally, we do not rule out the possibility that inhibiting Drp1-mediated mitochondrial fission may also affect other unidentified proteins involved in cristae morphology and/or cytochrome c release.
It has also been proposed that, before its release, cytochrome c must be solubilized in the IMS, because cytochrome c is present as loosely and tightly bound pools attached to the inner IMM through its association with cardiolipin 35 or other electrostatic interactions. 34 During apoptosis, cardiolipin peroxidation has been reported to be required for the cytochrome c detachment from IMM and its full release. 35, 36 Depletion of Drp1 in cells may decrease the rate of cardiolipin peroxidation in apoptosis and thus its mitochondrial release following MOMP. Moreover, as we observed that Drp1-depleted cells show a defect in the complex II of the respiratory chain, we also do not exclude the possibility that prevention of cytochrome c release may be because of this change.
In this study, we also report that inhibiting Drp1-mediated mitochondrial fission delays, but does not prevent Bax/Bakmediated apoptosis and cell death, although it partially prevents cytochrome c release and caspase activation. Our results are in agreement with two other time-course studies Figure 6 Drp1 RNAi modifies the pattern of OPA1 isoforms and prevents OPA1 release during apoptosis. (a) Total cell lysates from untreated or control RNAi and Drp1-RNAi transfected cells were prepared, and Drp1 and OPA1 were analyzed by immunoblotting. Actin was used as a loading control. The high and short soluble isoforms of OPA1 are indicated. (b) Control RNAi or Drp1 RNAi-transfected cells were either left untreated or else treated with 10 mM actinomycin D for 8 h in the presence of 50 mM zVADfmk to prevent apoptosis, then fixed, stained with anti-OPA1 (green) and anti-Smac/DIABLO (red) antibodies, and analyzed by confocal microscopy demonstrating that knock down of Drp1 delays but does not inhibit apoptosis. 27, 28 Furthermore, it was recently shown that Caenorhabditis elegans Bcl-2 related protein CED-9 expression in mammalian cells prevents apoptosis-associated mitochondrial fission/fragmentation, whereas it has no effects on cytochrome c release and apoptosis. 37 In contrast with our results, it was shown in two earlier studies, that inhibition of Drp1-mediated mitochondrial fission prevents apoptosis, 4, 26 but their conclusions were based on assessment of apoptosis at single time point. Still, we do not rule out the possibility that, in their models, complete cytochrome c release is required to induce caspase activation and ensuing apoptosis. Indeed, it has been reported that the levels of cytosolic cytochrome c required to trigger caspase activation differ in a cell typedependent manner. 38 In conclusion, although results from previous studies suggest that Drp1-mediated mitochondrial fission is required for cytochrome c release 4, 6, [25] [26] [27] and apoptosis execution, 4, 26 we observed that knock down of Drp1 selectively and partially prevents cytochrome c release, and that it delays but does not protect against Bax/Bak-mediated apoptosis. Thus, according to our results, Drp1-mediated fission appears dispensable and does not seem to be a prerequisite for apoptosis.
Materials and Methods
Cell culture and reagents. HeLa cells were cultured under standard conditions in Dulbecco's modified Eagle's medium (DMEM; Invitrogen), supplemented with 10% fetal calf serum, 2 mM L-glutamine, 50 IU penicillin and 50 mg/ml streptomycin. Transfection of HeLa cells was performed using FuGENE 6 (Roche Applied Science). zVAD-fmk and MitoTracker Red CMXRos were purchased from Calbiochem and Molecular Probes, respectively. Actinomycin D and staurosporine were purchased from Sigma-Aldrich.
RNA interference. RNAi was performed using the sh-activated gene silencing system. Plasmids expressing shRNAs were constructed by synthesizing two cDNA oligonucleotides bearing the target sequence, HindIII linker, and U6 terminator, annealing them, and ligating them into BseRI and BamHI sites of pSHAG-1 (Cold Spring Harbor Laboratory). For long-term suppression of gene expression by shRNA, the region encoding the U6 promoter and shRNA in pSHAG-1 was subcloned into the NotI and BamHI sites of pREP4 (Invitrogen, Carlsbad, CA). The target sequence for Drp1 was as follows: 5 0 -TTCAATCCGTGATGAGTATGCT TTTCTTC-3 0 . The sequence for the control shRNA was 5 0 -TCGTACTCATAATCAG CTCTGCATACATC-3 0 , which does not target any genes. One day after the transfection with the pREP4 construct, HeLa cells were grown in DMEM containing 300 mg/ml hygromycin B for 2 days, followed by 3-4 days in DMEM containing 50 mg/ml hygromycin B for the selection of transfectants.
Subcellular fractionation and immunoblotting. HeLa cells were harvested in isotonic mitochondrial buffer (MB: 210 mM mannitol, 70 mM sucrose, 1 mM EDTA and 10 mM HEPES; (pH 7.5), supplemented with the protease inhibitor mixture Complete (Roche Molecular Biochemicals) and homogenized for 30-40 strokes with a Dounce homogenizer. Samples were transferred to Eppendorf centrifuge tubes and centrifuged (500 Â g, 5 min, 41C) to remove nuclei and unbroken cells. The resulting supernatant was then centrifuged (10 000 Â g, 30 min, 41C) to obtain the heavy membrane fraction enriched for mitochondria; the resulting supernatant was collected as the cytosolic fraction. Cytosolic and heavy membranes fractions (30 and 10 mg of protein, respectively) were resolved by SDS-PAGE (10-20% Tricine gels; Novex) and transferred to nitrocellulose membranes (Amersham Biosciences). After blocking nonspecific sites for 1 h at room temperature with 5% nonfat milk and 0.2% Tween 20 in phosphate-buffered saline (pH 7.4), the membrane was incubated with rabbit polyclonal anti-DDP/ Immunofluorescence microscopy. Cells grown in LabTek chambers were fixed for 10 min in 4% paraformaldehyde followed by permeabilization with 0.15% Triton X-100 in phosphate-buffered saline for 15 min. The cells were then incubated for 1 h in blocking buffer (2% bovine serum albumin (BSA) in phosphatebuffered saline) followed by incubation overnight with either a mouse monoclonal anti-cytochrome c (BD Biosciences Pharmingen, clone 6H2.B4) (1 : 800) antibody or mouse monoclonal anti-OPA1 (BD Biosciences Pharmingen, clone 18) (1 : 2000) and rabbit polyclonal anti-Smac/DIABLO (ProScience) (1 : 600). Cells were washed three times for 10 min each in blocking buffer, then incubated for 2 h with Alexa Fluor anti-mouse and anti-rabbit secondary antibodies (Molecular Probes). Images were acquired using a Zeiss LSM 510 confocal microscope through a Â 63 oil fluorescence objective (Carl Zeiss Inc.).
Isolation of mitochondria and in vitro assays for the release of mitochondrial factors. Mitochondria were isolated intact from HeLa cells by sucrose density gradient centrifugation. Briefly, cells were harvested in phosphatebuffered saline containing 5 mM EDTA, centrifuged at 750 Â g for 10 min, washed and resuspended in isotonic MB supplemented with protease inhibitors. Cells were broken by five passages through a 25-gauge needle fitted onto a 5 ml syringe, and the suspension was then centrifuged at 2000 Â g at 41C. This procedure was repeated until nearly all of the cells were broken. Supernatants from each step were pooled before centrifugation (13 000 Â g, 10 min, 41C). The resulting pellet containing mitochondria was resuspended in 1 ml of MB and layered on top of a discontinuous sucrose gradient consisting of 19 ml of 1.2 M sucrose, 1 mM EDTA and 0.1% BSA in 10 mM HEPES (pH 7.5) over 16 ml of 1.6 M sucrose, 1 mM EDTA and 0.1% BSA in 10 mM HEPES (pH 7.5). Samples were centrifuged (27 000 rpm, 2 h, 41C) in a Beckman SW28 rotor. Mitochondria were recovered at the 1.6/1.2 M sucrose buffer interface, washed and resuspended in MB. Isolated mitochondria (30 mg) were incubated in the presence or absence of 10 nM caspase-8-cleaved recombinant human Bid (tBid; R&D Systems) in 200 ml of KCl buffer (125 mM KCl, 4 mM MgCl 2 , 5 mM NaHPO 4 , 5 mM succinate, 0.5 mM EGTA, 15 mM HEPES-KOH (pH 7.4) and 5 mM rotenone) for various time point at 301C, and the mitochondria were recovered by centrifugation (13 000 Â g, 5 min, 41C). Aliquots of mitochondrial pellets (5 mg protein) and the corresponding volume of the supernatant fractions were subjected to SDS-PAGE using 10-20% Tricine gels (Novex) and their respective contents of mitochondrial proteins were estimated by immunoblotting as described above. Consistent loading of the mitochondrial pellet was verified using anti-VDAC mouse monoclonal antibody (Calbiochem; clone 31HL) (1 : 6000).
Oxygen electrode polarography. Oxygen consumption was measured in intact cells using Clark's electrode (Hansatech). In brief, cells (1 mg/ml) were incubated in 400 ml respiration buffer (100 mM KMES, 5 mM KH 2 PO 4 , 1 mM EGTA, 1 mM EDTA, 1 mg/ml BSA, 1 mM ADP, pH 7.4) under mixing. Next cells were permeabilized with 10 ml digitonin 0.2% and oxygen consumption via complex I was assessed by adding 10 mM pyruvate, 5 mM malate and 10 mM malonate. To assess oxygen consumption via complex II, 20 mM succinate and 25 mM rotenone (inhibitor of complex I) were added. In both conditions, after few minutes of oxygen consumption, respiration was blocked with 30 mM KCN.
Flow cytometric analysis. Mitochondrial transmembrane potential (DCm) was measured by incubating cells with 3,3 0 -dihexyloxacarbicyanine iodideDiOC 6 (3) -(Molecular Probes) at a concentration of 50 nM. Plasma membrane integrity (cell viability) was assessed with 1 mg/ml propidium iodide (Molecular Probes). PS exposure on the outer plasma membrane was measured by staining cells with 1 mg/ml of annexin V-FITC (Becton Dickinson). To evaluate DNA degradation, cells were incubated with the nuclear dye acridine orange (0.1 mg/ml; Molecular Probes). Cells were analyzed using a FACScan (Becton Dickinson).
Statistical analyses. Data were compared using Student's t-test. Differences were considered to be significant if Po0.05.
